The frequency of conversion and the disparity in the direction of conversion were studied for six frameshift mutants lying in locus b2 of Ascobolus immersus and giving more 2 wild type:6 mutant (2+6m) than 6 wild type:2 mutant (6+2m) aberrant asci (type B). The frequency of conversion decreased from left to right in the locus. The disparity steadily increased from left to right and then reached a plateau. Twenty-two frameshift mutants giving more 6+2m than 2+6m aberrant asci (type A) and closely linked to three type B mutants were also studied; they showed the same frequency of conversion and the same disparity (but in the opposite direction) as the type B mutant to which they are linked. The polar variation of both the frequency of conversion and the disparity as a function of position were expected on the basis of a previous study of 15 mutants giving postmeiotic segregations and located in locus b2. This variation is assumed to reflect the existence of a preferential region for the initiation of hybrid DNA (HDNA) during recombination and a duality in the distribution of this HDNA, with preponderant asymmetrical HDNA near the starting point and preponderant symmetrical HDNA farther from it.
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In Ascomycetes, aberrant segregations are observed in the progeny of wild-type X mutant crosses. In octospored asci, octads showing either an excess of wild-type spores or an excess of mutant spores are observed in addition to the usual 4:4 octads (1-3). The process leading to aberrant segregations is usually called "gene conversion." It is likely that the aberrant segregations result from the formation of hybrid DNA (HDNA) during genetic recombination occurring in meiotic prophase, possibly followed by mismatch correction. In other words, the occurrence of HDNA in one chromatid leads to 5 wild type:3 mutant (5+3m) or 3+5m octads every time the mismatch is not corrected and may lead to 6+2m or 2+6m octads when correction occurs. Numerous molecular models of genetic recombination accounting for aberrant segregations are based upon this postulate. Some models assume that the initiation of recombination is a symmetrical process due to the formation of heteroduplex DNA segments in two homologous chromatids (4-7). Other models assume that the initiation of recombination is an asymmetrical process that starts by the formation of only one heteroduplex DNA segment (8-9). Biochemical evidence of the existence of heteroduplex segments in somatic cells has been obtained by using density labeling techniques (10, 11). Furthermore, evidence that correction of heterozygosity occurs during gene conversion comes from the demonstration that 6+2m plus 2+6m (6:2) segregation at one site can decrease 5:3 segregation and increase 6:2 segregation at a closely linked site (12).
In Ascobolus immersus, some mutants give both 6:2 and 5:3 octads in crosses with wild type. They are termed "type C mutants" whenever they show parity in the direction of conversion or an excess of conversion to wild type. They are termed "type D mutants" when they give an excess of conversion to mutant (13). Aberrant 4:4 can also be detected in Ascomycetes with ordered octads (14). They correspond to asci in which two meiotic products show a postmeiotic segregation of the marker studied. It is possible to detect aberrant 4:4 in Ascobolus, in spite of its unordered octads, by using a second ascospore marker (15). This method was used to study aberrant segregations in 15 distinct type C and D mutants lying in locus b2 of Ascobolus (16). These mutants gave aberrant 4:4 in addition to 5:3 and 6:2 octads. The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. (18, 19) , indicating that the corresponding mismatches are corrected efficiently. These mutants give either more 6+2m than 2+6m octads (type A) or more 2+6m than 6+2m octads (type B) (13). For such mutants, the disparity in the frequency of 6+2m and 2+6m asci is likely to be a consequence of the disparity in the frequency of mismatch correction in either direction. In meioses with asymmetrical HDNA, the 6+2m/2+6m ratio should directly reflect the proportion correction to wild type/correction to mutant, provided that wild type and mutant chromatids have the same probability of involvement in HDNA. In the meioses with symmetrical HDNA, assuming that the two mismatch corrections occur independently, the 6+2m/2+6m ratio should be equal to the square of this proportion because both mismatches must be corrected in the same direction. For example, with a 1:3 proportion the expected 6+2m/2+6m ratio should be 1:3 with asymmetrical HDNA and 1:9 with symmetrical HDNA. Then one would expect increasing disparity with increasing proportion of symmetrical HDNA, provided that the probabilities of correction to wild type and to mutant are relatively constant along the locus.
We studied 6 type B mutants and 22 type A mutants located in locus b2. Their behavior fits this expectation.
MATERIAL AND METHODS
Media and techniques used for mycelial growth, ascospore germination, and crosses have been described (20, 21) .
The mutants studied were shown to be frameshift mutants by intragenic suppression studies (18, 19, (22) (23) (24) . These mutants lead to a white spore phenotype and are located in locus b2. Six Proc. Natl. Acad. Sci. USA 76 (1979) Genetics: Rossignol and Paquette Proc. Natl. Acad. Sci. USA 76 (1979) of them exhibit a type B conversion spectrum (13, 18) . Their order in the b2 locus is given in Fig. 1 .
This order was obtained in two steps. The mutants were first crossed with b2 mutant strains corresponding to partially overlapping deletions (25). These crosses led to localization of the mutants in three regions according to the method originally applied in phage T4 (26). The mutants studied were then crossed with each other. The order obtained was not ambiguous (Fig. 1) , probably because all these mutants show the same type of conversion spectrum.
Two other mutants, EO and E2, were used. They give a type A conversion spectrum; they belong to the E group of intragenic suppression and are closely linked to El (22).
The following procedure was used to eliminate a possible influence of the genetic background when comparing the conversion spectrum of two mutants. The two mutants to be compared (e.g., X and Y) were crossed for this purpose. Several X and Y mutants of the same mating type were isolated from the progeny of the parental cross and then crossed with a wild-type strain of the opposite mating type. The X or Y genotype was identified by back-crossing to both parents. Crosses with wild type were incubated at 22-230C until mature. They were then transferred to 110 C and the asci were harvested on an agar screen for 2 days. The dispersion of spores (leading to clusters with fewer than eight ascospores) is reduced by this method. For each cross, a 1000-asci sample was observed for spore color segregation. The frequency of aberrant segregation and the disparity in the direction of conversion were compared for the two groups of descendants X and Y by using the variance analysis statistical test. The wild-type tester strain was the same in all crosses. RESULTS Ten pairs of mutants were compared. Eight pairs (crosses 1-8) concerned type B mutants mapping in different portions of the b2 locus. Two pairs (crosses 9 and 10) concerned one type B and one type A mutant mapping in the same region of the b2 locus. Fig. 1 shows the pairs of mutants involved in every mutant X mutant parental cross. Table 1 reports the results obtained from crossing the progeny of every parental cross with wild type-e.g., 17 FO strains and 15 B100 strains were picked up in the progeny of cross 1 (FO X B100) and were crossed with wild type. The average basic frequency of conversion (BFC) and the average disparity are reported for the two groups of descendants, which are defined by their genotype as FO and B100 in the example. The BFC is the number of aberrant asci observed in the 1000-asci sample. The disparity corresponds to the absolute value of the difference between 50% and the percentage of 6+2m in total 6:2. For every pair of mutants, a statistical comparison was made for both BFC and disparity. Significant differences in the BFC were observed for five pairs (FO, B100; FO, B17; B100, B17; B17, El; El, AO); each time, the higher frequency was observed for the mutant on the left. Fig. 2 , where all the results are pooled, shows that the BFC is position dependent and diminishes from left to right in the locus. Fig. 2 also shows results previously obtained for 20 additional type A mutants (23, 24); 16 of them (23) are closely linked to FO and were selected on the basis of intragenic suppression of this mutant (they are called "Fa mutants"). Four others (19, 22) are closely linked to AO and were selected on the basis of intragenic suppression of this mutant (they are called "Aa mutant"). The average BFC is not different from FO for Fa mutants and from AO for Aa niutants. In the same way, El and E2 show a BFC similar to the BFC of EO. Thus, the BFC ol type A and B mutants is not dependent on the direction of disparity but is dependent on the location of the mutation in the locus.
Significant differences in the disparity were observed for six pairs of type B mutants (FO, B17; BIOO, B17; B17, B4; B17, El; El, B4; B4, AO). Except for the pair El, B4, the higher disparity always corresponds to the mutant on the right. Fig. 3 indicates that the size of the disparity tends to increase from left to right. Data concerning the disparity of Fa and Aa mutants are also reported in Fig. 3 ; there is no difference in disparity between FO and Fa or between AO and Aa. Furthermore, the disparity observed for EO and E2 is not statistically different from that observed for ElI. Thus, the intensity of the disparity is identical for types A and B mutants lying in the same region of the loctus; the excess of 2+6m over 6+2m in type B mutants is identical to the excess of 6+2mi over 2+6m in type A mutants.
All the data thus suggest that the increase in the disparity from left to right is the same for type B and type A mutants. This increase is very strong in the left portion of the locus (from FO to El), but it is not observed in the right portion (fromn El to AO) where a slight reversal in the polarity of the disparity may even be observed (pair El, B4).
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DISCUSSION
The increase in disparity from left to right for frameshift mutants could be explained in two ways: either the disparity of mismatch correction increases without change in the distribution of HDNA, or the symmetrical distribution of HDNA increases without change in the disparity of mismatch correction. Only the second hypothesis fits previous observations on the type C mutants that indicate that asymmetrical HDNA structure tends toward symmetrical HDNA structure from left to right in the locus. The only exception to the rule of increasing disparity applies to B4, the disparity of which is lower than the disparity of El. This exception could be explained in two ways. The B4 mutation might have a slightly decreased proportion, correction to mutant/correction to wild type, compared to other type B mutants. Another explanation would be the presence of a genetic factor affecting disparity and linked to B4. In this case, the procedure used would not have been sufficient to randomize this factor in the progeny. Whatever the origin of the relatively low disparity in the direction of conversion of B4, the existence of the preponderantly symmetrical distribution of HDNA in the E1-AO region and a preponderantly asymmetrical distribution of HDNA in the FO-B100 region fits our results, the disparity observed for B17 suggesting an intermediate situation for this intermediately located mutant. These results agree with the data from the analysis of mutants giving postmeiotic segregation (16). The five type C mutants located near FO and 3100 gave little aberrant 4:4, which would be expected if HDNA were asymmetrical, whereas the eight mutants in the right region (corresponding to the E1-AO segment) gave frequencies of aberrant 4:4 compatible with frequent occurrence of symmetrical HDNA.
Several observations suggest that HDNA is asymmetrical in Saccharomyces cerevisiae: the conversions involving two chromatids simultaneously are much rarer than expected in the hypothesis of symmetrical HDNA (27); furthermore, aberrant 4:4 are extremely rare (28, 29) . This indicates that HDNA is formed and maintained on one chromatid. If the pattern of mismatch correction of frameshift mutants is the same in veast and in Ascobolus, it is then expected that these mutants should show a relatively low and constant disparity in yeast. Such a prediction could be verified by studying the conversion pattern of yeast mutants already classified as frameshift mutants (30).
The polarity of the frequency of conversion of types A and B mutants is a confirmation of the results obtained with types C and D mutants. However, at each point in the locus, the frequency of conversion tends to be lower for types A and B mutants than for types C and D (16): for types A and B on the one hand and for types C and D on the other hand, the mean frequency of conversion is 223 and 287 X 10-, in the left portion of the locus (around FO-B100), 139 and 159 X 10-3 in the middle portion (around El), and 124 and 148 X 10-3 in the right portion (B4-AO). This difference is explained by the occurrence of mendelian 4:4 asci through mismatch correction (31). This will occur as a result of parental homoduplex restoration or the obtaining of a wild-type homoduplex from a former mutant chromatid with simultaneous obtaining of a mutant homoduplex from a former wild-type chromatid in the case of symmetrical HDNA leading to two homologous mismatches. The previous study of types C and D mutants showed that the frequency of conversion tended to be lowest with mutants having the higher mismatch correction rate (i.e., mutants giving rare postmeiotic segregations, when compared to 6:2 asci); this correlation was explained by more frequent obtaining of 4:4 asci, which are not detected as convertant asci, when correction is more frequent. In the case of type A or B mutants when obligatory correction occurs, the obtaining of 4:4 asci through mismatch correction is expected to be more frequent than in type C or D mutants.
Serie 75 in the European strain of Ascobolus is homologous to locus b2 in our stock. Study of serie 75 failed to show any polarity in the disparity of the mutants. Mutants showing identical disparity were scattered all along the region studied (32). This observation does not disagree with the present results for at least two reasons. First, only a portion of the locus corresponding to serie 75 was investigated; it could correspond to the region of constant disparity in the locus b2 (E1-AO). Second, the mutants that were used are all spontaneous mutants; because their nature is unknown, they need not behave like induced frameshift mutants classified as type A or B.
Studies in other organisms suggest that the distribution of HDNA could be organism-dependent because no evidence for symmetrical HDNA was found in yeast (27) (28) (29) , whereas the numerous aberrant 4:4 asci found in Sordaria fimicola indicate that symmetrical HDNA occurs in this organism (14). However, gene-to-gene variation is not excluded, and it could account for apparent differences between organisms.
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